Abstract--Machine vision for selective weeding or selective herbicide spraying relies substantially on the ability of the system to analyze weed images and process the extracted knowledge for decision making prior to implementing the identified control action. To control weed, different weed type would require different herbicide formulation. Consequently the weed must be identified and classified accordingly. In this work, weed images were classified as either broad or narrow weed type. A fundamental problem in weed image recognition using planar curve analysis is to detect curve. It is difficult to successfully extract curve from the image of weed edges since the appropriate scale to use for extraction is not known a priori As such, this paper considers a curve detection method based on the quadratic polynomial technique which include the use of the region-ofinterests (ROI) technique. The ROI technique creates image subsets by selecting regions of the displayed image. The ROIs are typically used to extract statistics for image operations such as classification. As such, the objective of this paper is to present a novel application of curve detection feature extraction technique in weed classification.
I. INTRODUCTION
rinciple curves of an image are curves that represent boundaries of the objects of interest. The efficacy of curve detection in extracting feature vectors for image recognition has been described in a number of studies. In essence, curve edges are the most common biological features of the natural state for objects such as fruits, vegetables, weeds etc. The fundamental problem in digitized image recognition is curve detection, in which the principle curves are sharp and smooth with length constraint. Nevertheless, attaining smooth curves of object boundaries is feasible in real applications.
In this work, we use planar curve analysis to extract the curve features of weed in order to develop a computer vision method for an automatic weed classification system. This system allows the realization of selective weeding procedure thus, signifying the value of machine vision in agricultural sector. This paper proposes a curve detection method based on quadratic polynomial equation; which is suitable for extracting curve features from object boundaries. Such approach demonstrates the use of angle radius and slope to orientate the curve edge based on quadratic equation.
Basically, curve detection method is concerns on the detection of the edges of the associating image so that the boundary pixels of the object could be produced. Undesirably, the detected edges are commonly consist of somewhat complicated, overlapping lines resulting in the difficulty to obtain the best edge for the weeds. Providentially, this problem is solved by applying region-of-interests (ROI's) technique on the curve edge image. The ROI's are image subsets which are created by selecting certain regions of the displayed image. The regions are then used to extract information or statistics for image operations such as classification. Once this technique is performed, the feature extraction algorithm is carried out next for curves detection. Then, the obtained extracted features are used as inputs to the classifier which sequentially returns the result, in this case, either broad or narrow weed class.
The paper will be structured as follows: a brief introduction and general problem statement will be given in the commencement of the paper. Section 2 provides a brief review on curve detection and earlier reports on ROI technique. Then, section 3 will discuss the general approach in image classification task and subsequently section 4 will focus on the main contribution of this paper, which involves our proposed method of feature extraction utilizing curve detection and ROI's technique. Results and discussion will be presented in Section 5 followed by a concluding remark that will be given in Section 6. 
II. PREVIOUS WORK
Quite an overwhelming preceding works on curve detection have been reported in the literature. Among others, this approach was employed by Mang et al [1] to find road boundaries and house contours from printed map images. In Cong and Songde [2] , corner enhancement via curve scale space was addressed. Michael and Bogdan [3] also developed an algorithm for curve detection based on Radon transform procedure. Ginkel et al. [3] presented a novel approach to parameterize curve detection based on the generalized Radon transform, which is traditionally applied to a 2D edge or line map. Hongmei and Min [5] proposed fingerprint detection using an iterative alignment-minimization algorithm to perform curve registration and deal with non-uniqueness of Bspline control points. The Hough transform is capable of extracting simple shapes such as lines and quadratic forms [6] . Jack [7] used Hough procedure for detecting curve embedded in digitized images and performs transformation enhancement by mapping parameter space, P back into image space, J. Clark [8] performed fast and accurate curve detection using constrained Hough transforms, in which localization error can be propagated efficiently into the parameter space.
In addition, ROI image is widely used in multimedia applications. Particularly, ROI extraction is important in image processing where different types of textual regions are dealt with. This technique has become an important tool in medical image processing as shown in [9] , where the application of the ROI fluoroscopic technique has substantially reduced the exposure of the patient and operator towards radiation without degrading the image quality.
Lee and Slaughter also used ROI to distinguish tomato plants and weed. In their preliminary work, 6 different illumination conditions were selected [10] . However, it was difficult to recognize all the possible conditions due to variants of the color of the plants and the background. As a solution, they selected 16 feature vectors obtained inside a 10 pixel by 10 pixels ROI In [11] , an automatic ROI algorithm was used to segment an image by performing automatic clustering pixels according to their energy values. Meanwhile, in face region tracking, [12] demonstrated that the ROI could be obtained by using a low pass filter and background subtraction with the pan-tiltzoom. To end with, Jung et al [13] proposed an algorithm that post-processes wavelet-based ROI coded images in videophone, video conferencing and other visual communication systems.
III. METHODOLOGY
This section discusses the methodology adopted for the image classification system. Typically, in pattern classification, three main steps are involved namely preprocessing, feature extraction and classification as depicted in figure 1. Preprocessing is meant for image enhancement to ease classification and yield optimal results. Typically, it involves normalization to produce uniformity in terms of the image size. After completing the edge detection process, a binary image is produced and it contains a set of edge pixels.
In this work, the Canny algorithm was used for edge detection since it provides good localization with minimal distance between the detected and the true edge position. Several other preprocessing procedures were implemented that involved the use of morphological operators. Morphological operations are commonly used for noise reduction and feature detection, with the objective that the noise could be reduced as much as possible without eliminating the essential features [14] . Specifically, morphological operations replace the binary value at a single pixel location with the value computed from the pixel value within a neighborhood of the chosen shape and size around that location. In a binary image, few edge pixels will be separated from its neighbor pixels. Therefore, morphological operation is required to eliminate these separated pixels.
The next step involves feature extraction procedure to extract suitable features representing the images in a compact form. This was followed by feature selection procedure to select the most valuable feature from a set of image features. In this paper, curve detection method and window scanning ROI have been used in both feature extraction and feature selection steps. The selected features are then used as inputs to a classifier that sequentially returns a decision or result.
IV. FEATURE EXTRACTION

A. Curve detection method
Feature extraction is the fundamental technique used in planar curve analysis. It is difficult to successfully extract curve from weed edge image since the appropriate scale meant for extraction is not known a priori. As such, this paper proposes a curve detection method based on quadratic equation. Two variables are used to orientate the curve edge; angle radius and slope. The first task in curve fitting is to decide how many degrees of freedom should be allowed in fitting the points. In this work, only two degrees of freedom are considered; known as quadratic polynomial equation, ax 2 + bx + c = y where the coefficient 'a' is identified as the leading coefficient. The value of the leading coefficient is important to determine whether the edge line is a curve or otherwise. In computing the leading coefficient, one needs to identify the structural design of the actual curve of the binary image. Depending on the structural design, the curve is rotated about 90 degree as shown in figure 2. This method merely detects and stores quadratic curve line while eliminates the others.
B. Region of interest method
As pointed out earlier, the detected edge of the weed will produce rather complicated, overlapping edge lines which results in difficulty to obtain the best edge of the weeds. Yet, this problem is resolved by applying region-of-interests (ROI's) technique on the curve edge image. In this technique, four set of ROI's in each image are selected as illustrated in figure 3 . Then, the size of each set of ROI is fixed to 60 pixels by 60 pixels. The pixel scanning process is then carried out where the pixel in each set of ROI is scanned in order to count the pixel '1'. The scanning process starts from the left upper side and ends at the right bottom side of the ROI. As a consequent, four set of pixel values are obtained for each weed edge image.
Next, the feature vector is obtained by adding all set of pixel values. Realistically, the broad weed will emerged as numerous curve lines with large amount of pixel '1' value. On the contrary, the narrow weed appeared less or none for both curve lines detection as well as the amount of pixel '1' value. The nonzero pixel '1' value for the narrow weed is still obtainable; as the appearance of the overlapping edge lines are impersonating curve lines. After implementing the feature extraction algorithm and ROI analysis approach, the extracted feature are used as inputs to the classifier which returns a decision or result in sequence, either as broad or narrow weed class.
V. CLASSIFIER Neural networks (NN) are a field of artificial intelligence inspired from the human brain. The NN is used to develop data structures and algorithms for learning and classification of data. In this work, the feature vector is tested using the single layer perceptron (SLP) classifier. Training is accomplished by putting in a given set of inputs through the network and comparing the results with a set of target outputs. Based on the difference between the actual and the target outputs, the weights of the adaptive layers are adjusted to produce a set of outputs closer to target values. y'
The SLP employs a number of simple perceptron in a single layer. This structure learns a linear decision function that dichotomizes two linearly separable training sets. Figure  4 shows the SLP model. The log sigmoid is used as the activation function. An output of '0' denotes the broad weed type whereas a '+1' represents the narrow weed. During NN training, 200 samples of weeds were introduced to the SLP model, which consist of 100 narrow and 100 broad weeds. The extracted features are then presented to the net so that it can learn and recognize the patterns accordingly. Result of the SLP model trained using the feature vectors, displays two clusters of weeds as illustrated in figure 5.
VI. RESULT AND DISCUSSION
Once the training of the SLP model is completed, the model is tested for its ability to distinguish between the narrow and broad weeds. A total of 200 images consisting of 100 narrow and 100 broad weeds were used to test the efficacy of the perceptron model. The classification results to distinguish between broad and narrow is shown in figure 6 . As anticipated, few errors occurred in the classification, due to the more complex and difficult images involved. This problem is possibly tackled with an image enhancement algorithm during the preprocessing stage. Table 1 tabulates the weed classification testing results when trained with the SLP model. The obtained results revealed that the feature vector has classified the broad weed almost perfectly. On the other hand, narrow weed classification produced unsatisfactorily less than 81% accuracy. Therefore, further testing with larger database is required before a conclusive statement can be construed. VII. CONCLUSION In this paper, the combination of curve detection algorithm based on quadratic polynomial equation with ROI to produce a feature set has been presented. The feature vector gives almost perfect classification results when tested using the broad weed image. However, a slightly imperfect classification was obtained in the case of narrow weed image. Currently, improvement on the proposed method is still under development. In parallel, the enhancement on the edge detection capability is also extensively studied and developed which engaged in several algorithms such as image enhancing etc. 
